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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
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patent application serial no. 09/454,1 39, attorney docket no. 25791 .03.02. filed on 
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25791.7.02, filed on 2/23/2000, (3) U.S. patent appiicatton serial no. 09/502,350. 
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Background of the Invention 
This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

Conventionally, when a wellbore Is created, a number of casings are installed in 
5 the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the fomiation or inflow of fluid from the fonration into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be Installed in a lower 
borehole interval is lowered thnutgh a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 

1 0 smaller diameter than the casing of the upper inten/al. Thus, the casings are in a 

nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 

15 a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 

20 removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically deforming 
25 and radially expanding a tubular member is provided that includes means for plastically 
defonning and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically defomntng and radially expanding a second portion 
of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
30 deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 
tgbular support member having a second fluid passage fluidicly coupled to the first fluid 
passage and an outer conical surface, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular member, and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
defonfning and radially expanding a tubular member is provided that includes plastically 
5 defbnning and nadialiy expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 

1 0 deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically defomiing and radially expanding another portion of the 
first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 

15 member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defomnations and radial expansions 
are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 

20 first tubular member to a second tubular member is provided that Includes means for 
plastically defomiing and radially expanding a first portion of the first tubular member to 
a first outside diameter, means for plastically deforming and radially expanding another 
portton of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member In overlapping relation to 

25 the first portion of the first tubular member, means for plastically defomiing and radially 
expanding the second tubular member to a third outside diameter, and 
means for plastically defomiing and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 

30 According to another aspect of the present invention, an apparatus for forming 

aweilbore casing within a welibore is provided that includes means for supporting a 
tubular member within the welibore, means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
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for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming 
a weUbore casing within a weHbore Is provided that includes a tubular support member 
5 including a first fluid passage, an expanston cone coupled to the tubular support 
number having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expanston cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 

1 0 vatveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of fomiing a 
wellbore casing within a wellbore is provided that includes supporting a tubular member 
\yithin a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 

1 5 another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 
first tubular member within the wellbore, plastically defomning and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically defomiing 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, piastically deforming 
and radially expanding the second tubiriar member to a third outside diameter, and 
plasticaliy defonming and radially expanding the second tubular member to a fourth 

25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically defomaing and radially expanding a first portion of the first tubular member to 

30 a first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overlapping relation to 
the first portion of the first tubular member, means for plastically defonning and radially 
expanding the second tubular member to a third outside diameter, and 
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means for plastically defomrdng and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformattonsand radial expansions are substantially equal. 
According to another aspect of Vhe present invention, an apparatus for 
5 plastically defomning and radially expanding a tubular member is provided that includes 
means for providing a lipped portion in a portbn (rfthe tubular member, and means for 
plastically defonming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically defonming and radially expanding a tubular member is provided that includes 

10 a tubular support member including a first fluid passage, an expansion cone coupled to 
the tubular support member having a second fluid passage fluldidy coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 

15 conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled to 
the third annular porlton having a second outside diameter, wherein the second outside 
diameter is less than the first outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portion of the expansion cone launcher 

20 According to another aspect of the present invention, a method of plastically 

defonrning and radially expanding a tubular member is provided that includes providing 
a lipped portion In a portion of the tubular member, and plastically defomning and 
radially expanding another portion of the tubular member. 

According to another aspect of the present Invention, a method of coupling a 

25 first tubular member to a second tubular member is provided that includes providing a 
lipped portion In a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second tubular 
member inside the first tubular member In overlapping relation to the lipped portion of 
the first tubular member, and plastically defonning and radially expanding the second 

30 tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
providing a lipped (Portion in the first tubular member, means for plastically deforming 
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and radially expanding another portion of the first tubular nnemt>er, means for 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the Gpped portion of the first tubular member, and means for plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
5 the first and second tubular members after the plastic defbnmations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore* means for providing a lipped portion in the tubular 

1 0 member, and means for plastically defomning and radially expanding another portion of 
the tubular n^ember to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fomning 
a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 

1 5 me»Tiber having a second fluid passage fluidlcly coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone launcher iriduding: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 

20 first outside diameter, and a fourth annular portion coupled to the third annular portk3n 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 

25 wellbore casing In a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, and 
plastically defomning and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellt>ore is provided that includes supporting a 

30 first tubular member within the wellbore, providing a lipped portion in a portion of the 
first tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
plastically defonning and radially expanding the second tubular member. The inside 
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diameters of the first and second tubular memtjers after the plasUc deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a nxKKHliameter w^llbore casing within a weUbore is provided that includes means for 
5 providing a lipped portion in the first tubular member, means for plasbcally deforming 
and radiaRy expanding another portion of the first tubular member, means for 
positioning the second tubular member inside the first tubular member In overlapping 
relation to the lipped portion of the first tubular member, and means for piasticalty 
defomiing and radially expanding the second tubular number. The inside diameters of 
10 the first and second tubular rnembers after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically defomriing and radially expanding a tubular member is provided that includes 
means for plasticaily defonning and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end of 
the tubular member. 

AccofdHig to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 
a tubular support member including a first passage, an expansion cone coupled to the 
tubular support having a second passage fluididy coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. 

According to another aspect of the present Invention, a mettiod of plastically 
defomiing and radially expanding a tobular member is provided that includes plastically 
deforming and radially expanding a first end of the tubular member, and plastically 
30 defomiing and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes positioning 
«ie second tubular member Inside the first tubular member In an overlapping 
relationship, plastically defonning and radially expanding the end of ttie second tubular 
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member that overlaps with the first tubular rnember. and plastically deforming and 
radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that Includes means for 
5 positioning the second tubular member inside the first tubular member in an 

overlapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubuter member, and 
means for plastically defomning and radially expanding the remalhihg portion of the 
second tubular member. 

1 0 According to another aspect of the present Invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically defomfiing and radially 
expanding a first end of the tubular member, and means for plastically defomning and 
radially expanding a second end of the tubular member. 

1 5 . According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage flukiidy coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher nrmvably coupled to outer conical surface of the 

20 expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
nx>vably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. 

25 According to another aspect of the present Invention, a method of fonning a 

wellbore casing within a wellbore Is provided that includes plastically deforming and 
radially expanding a first end of the tubular member, and plastically deforming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of forming a 

30 wellbore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first tubular member within the wellbore. positioning a second 
tubular member inside the first tubular member in an overlapping lelationship, 
plastically defomning and radially expanding the end of the second tubular member that 
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overlaps with the first tubular meml)er. and plastically deforming and radially expanding 
the remaining portion of the second tulMlar member. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that Includes means for plasticaily 
5 defomiing and radially expanding a first tubular member within the wellborB. means for 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
1 0 second tubular member. 

According to another aspect of the present invention, an apparatus for bridging 
an axial gap between opposing pairs of wellbore casing wrthin a wellbore is provided 
that includes means for supporting a tubular member In overlapping relation to the 
opposing ends of the wellbore casings, means for plastically defomiing and radially 
1 5 expanding the tubular member, and 

means for plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing wittiin a wellboie is provided that 
includes supporting a tubular member in overlapping relation to the opposing ends of 
the wellbore casings, plastically defbnning and radially expanding the tubular member, 
and plastically defontilng and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

According to another aspect of the present invention, a method of fomiing a 
stmcture having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically deforming and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of forming a 
30 wellbore casing within a wellbore having desired strength characteristics is provided 
that includes plastically defomiing and radially expanding a firet tubular member within 
the wellbore. and plastically deforming and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODo and an original wall thickness to. Is provided that Includes 
plastically deforming and radially expanding a first portion of the first tubular member to 
5 a first outside diameter, plastically defonning and radially expanding another portion of 
the first tubular member to a second outside dianneter, positioning the second tubular 
member inside the first tubular meml>er in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
1 0 the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and the ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

1 5 According to another aspect of the present invention, a method of fonning a 

nrx)no-diameter weltborB casing is provided that includes positioning a first tubular 
member within a wellbore, the first tubular member having an original outside diameter 
ODo and an original wail thidoiess to. plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically deforming 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member In 
overlapping relation to the first portfon of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defonning and radially expanding the second tubular member to a fourth 

25 outside diameter The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal, and the ratio of 
the original outside diameter ODo of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided 

30 that includes a plastically deformed and radially expanded tubular member having a 
first portion having a first outside dianrteter and a remaining portion having a second 
outsUe diameter. The ratio of ttie original outside diameter ODo of the first tubular 
member to Vhe original wall thickness to of the first tubular member is greater than or 
equal to 16. 
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According to another aspect of the present invention, an apparatus is provided 
that includes a plastically defomied and radially expanded first tubular member having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically defomied and radially Expanded second tubular 
5 member coupled to the first portion of the first tubular member. The ratio of the original 
outside diameter ODo of the first tubular member to the original wan tWdcness to of the 
first tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, a weHbore casing formed 
in a wellbore is provided that includes a plastically deformed and radially expanded first 

1 0 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member to 
the original wail thickness to of the.first tubular member is greater than or equal to 16. 

1 5 According to another aspect of the present invention, an apparatus Is provided 

that includes a plastically deformed and radially expanded tubular member. The ratio 
of the original outside diameter ODo of the tubular member to the original wall thickness 
to of the tubular member is greater than or equal to 1 6. 

Brief Description of the Drawings 

20 Fig. la is a cross sectional aiustration of a wellbore including a preexisting 

wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. 1c is a cross-sectional Hlustration of the injection of fluidic materials through 
25 theapparatusof Rg. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenaUe fluidic 
sealing materials through the apparatus of Fig. 1c. 

Fig. 1e is a cross-sectional illustration of the pressurization of the region below 
the expansion cone of the apparatus of Fig. Id. 
30 Fig. If is a cross-sectional illustration of the continued pressurization of the 

region below the expansion cone of the apparatus of Fig. le. 

Fig. 1g is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. If following the removal of 
the over-expansion sleeve. 
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Fig. 1 h is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular niember of the apparatus of Rg. 1 g. 

Fig. 1 i is a cross-sectional Illustration of the drilling out of a new section of the 
wellbore below the apparatus of F^. 1h. 
5 Rg. 1 j is a cross-sectional illustration of the radial expansion of another 

expandable tubular member that overlaps with the apparatus of Fig. 11. 

Fig. Ik is a cross-secKonal illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Rg. II. 

Fig. II is a cross-sectional illustration of the completion of the secondary radial 
10 expansion of the other expandable tubular member of Fig. lie to form a mono-diameter 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
welltx)re casing. 

Fig, 2b is a cross-sectional illustration of the placement of an embodiment of an 
1 5 apparatus for radially expanding a tubular member into the wellbore of Rg. 2a. 

Fig. 2c is a cross-sectional illustration of the Injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-secUonai illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 
20 Fig. 2e is a cross-sectional illustration of the pressurizatlon of the region bebw 

the expansion cone of the apparatus of Fig. 2d. 

Fig. 2f Is a cross-sectional illustration of the continued pressurizatlon of the 
region below the expansion cone of the apparatus erf Rg. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of the radial expansion. 
25 of the expandable tubular member of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectional illustration of ttie drilling out of a new section of the 
wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overiaps with the apparatus of Fig. 2h. 
30 Fig. 2j is a cross-sectional illustration of the secondary radial expansion of the 

other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Rg. 2j to form a monoKliameter 
wellbore casing. 
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Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating the 
design and constaiction of the over-exparfslon insert. 

Fig. 3a is a cross-sectional illustration of an attemative embodiment of the over- 
expansion insert of Rg. 3. 

Fig. 4 fe a cross-sectional illustration of an attemaUvei embodiment of the 
apparatus of Fig. 2b including a resilient hool< for retrieving the over-e)(pan8ion insert 

Fig. 5a is a cross-sectional illustration of a welibore including a preexisting 
welibore casing. 

Fig. 5b is a aoss-sectional illustration of the fonnatlon of a new section of 
welibore casing in the welibore of Fig. 5a. 

Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the weHbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cnsss-sectlonal illustration of the inflation of the 
inflatable bladder of Fig. 5c. 

Fig. 5e is a aoss-sectional illustration of the new section of welibore casing of 
Fig. 5d after over-expansion. 

Fig. 5f is a cross-sectional Hlustration of the new section of welibore casing of 
Fig. 5e after drilling out a new section of the welibore. 

Fig. 5g is a cross-sectional illustration of the fomatlon of a mono<liameter 
weHbore casing that includes the new section of the welibore casing and an additional 
section of welibore casing. 

Fig. 6a is a cross-sectional illustration of a welibore Including a preexisting 
welibore casing. 

Fig. 6b is a cross-sectional illustration of the fonnation of a new section of 
welibore casing in the welibore of Rg. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 
radial expansion device into the new section of the welibore casing of Rg. 6b. 

Fig. 6d is a cross-sectional illustration of the new section of welibore casing of 
Fig. 6c after over-expansion. 

Fig. 6e is a cross-sectional illustration of the new section of welibore casing of 
Fig. 6d after drilling out a new section of the welibore. 

Fig. 6f is a cross-sectional Illustration of the fonnatlon of a monoHliameter 
welibore casing that includes the new section of the welibore casing and an additional 
section of welibore casing. 
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Fig. 7a is a aoss sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7c is a cross-sectional illustration of the injection of fluldic materials through 
the apparatus of Rg. 7b. 

Rg. 7d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional Illustration of the pressurization of the region below 
the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial expanston 
of the expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h Is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial expansion 
of another expandable tubular member to fomi a mono-diameter wellt>ore casing. 

Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-secHonal illustration of the injection of fluidic materials through 
the apparatus of Rg. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 
sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
expansion of the upper portion of the expandable tubular member of the apparatus of 
Fig. 8e. 

Fig. 8g is a cross-secBohal illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 
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Fig. 8h is a cross^sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
deform and radially expand the expansion cone launcher and expandable tubular 
member. 

Fig. 81 a cross-sedional Illustration of the completion of the initial radial 
expansion process of the apparatus of Rg. 8h. 

Rg. 8j is a cross-sectional illustration of the further radial expansion of the 
apparatus of Fig. 6i in order to fomn a mono^Jlameter weilbore casing. 

Fig. 9a is a aoss-sectional illustration of a weilbore including upper and lower 
preexisting weilbore casings that are separated by an axial gap. 

Fig. 9b is a cross^edional illustration of the coupling of a tubular member to 
the opposing ends of the weilbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of ihe placement of a radial 
expansion device Into the tubular member of Fig. 9b. ■ 

Fig. 9d is a fragmentary cross-sectional illustration of the actuation of ttie radial 
expansion device of Rg. 9a 

Fig. 9e Is a cross-sectional of a mono-diameter weilbore casing generated by 
the actuation of tt)e rady expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a moncxJIameter weilbore casing that 
includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its length. 

Fig. lia is a cross-sectional illustiation of a weilbore including a casing fomied 
by plastically deforming and radially expanding a first tubular member. 

Fig. lib is a cross-sectional illustration of a weilbore including anottier casing 
coupled to the preexisting casing by plastically defomiing and radially expanding a 
second tubular member. 

Fig. 1 1 c is a cross-sectional illustration of a mono<fiameter weilbore (»slng 
fomwd by radially expanding ttie second tubular member a second time. 

Detailed Description 

Several embodiments of mett,ods and apparatus for fomiing a moncnJiameter 
weilbore casing are disclosed, in several alternative embodiments, the methods and 
apparatus may be used for fom, or repair mono^iameter weilbore casings, pipelines 

or stmctural supports. Furtt^mwre. while the present Illustrative embodiments are ' 
descnbed witt, reference to ttie fbmiation of mono-diameter weilbore casings ti,e 
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teachings of the present disclosure have general application to the fomiation or repair 
of wellbore casings, pipelines, and stnictural supports. 

Refening initially to Fig. la. a wellbore 10 includes a preexisting weObore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a prefened 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09/454,139. attorney docl<et no. 
.25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913. 
attorney docket no. 25791 .7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no: 09/502.350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440.338, attomey docket no. 25791.9.02. filed on 1 1/15/1999. 
(5) U.S. patent application serial no. 09/523.460. attomey docket no. 25791 .11 .02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512.895. attomey docket no. 
25791.12.02. filed on 2/24/2000, (7) U.S. patent applicatk>n serial no. 09/511.941. 
attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946, attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559,122. attomey docket no. 25791 .23.02. filed on 4/26/2000. 
(1 0) PCT patent applicatton serial no. PCT/USOO/1 8635. attomey docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671. attomey docket no. 25791^7. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154.047, attomey docket no. 25791.29. filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082. attomey 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159.039. attomey docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisfonal patent application serial no. 60/159.033. attomey docket no. 25791.37, filed 

on 10/12/1999. (16) U.S. provisional patent application serial no. . 

attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. prDvisional patent 
appHcation serial no. 60/165.228. attomey docket no. 25791.39. filed on 1 1/12/1999. 

(18) U.S. provisional patent applKatnn serial no. . attomey docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attomey docket no. 25791 .46. filed on 7/28/2000, and (20) U.S. 

provistonal patent applk:ation serial no. . attomey docket no. 25791.47. 
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filed on 9/18/2000. the disclosures of which are incorporated herein by reference 
More generally, the preexisting ««ellbOFe casing 15 may be coupled to another 
preexisting wellbpre casing and/or may include one or more concentrically posifioned 
tubular niembers. 

Referring to Rg. 1b. an apparatus 100 for radially expanding a tubular member 
may then be positioned within the weBbore 10. The apparatus 100 includes a tubular 
support member 1 05 defining a passage 1 10 for conveying fluidic materials. An 
expansion cone 1 15 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular members is coupled toan end of the tubular support 
member 1 05. An annular conical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 125 of the expansion cone 115. In 
several altemative embodiments, the over-expansion sleeve 130 is fabricated from 
frangible materials such as. for example, ceramic materials, in order to facilitate the 
removal of the over^xpansion sleeve during operation of the apparatus 100 In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over^^xpansion sleeve 130. 

An expansion cone launcher 135 is movaWy coupled to and supported by the 
expansion cone 115 and the over^xpanslon sleeve 130. The expansion cone 
launcher 135 Include an upper portion having an upper outer diameter, an intem«diate 
portwn that mates with the expansion cone 1 1 5 and the overn^xpansion sleeve 1 30. an 
a lower portion having a tower outer diameter. The lower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a valveaWe passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be controHably ctosed in order to fluldicly isolate a regton 
150 below the expansion cone 1 15 and bounded by the tower portton of the expansion 
cone launcher 135 and the shoe 140from the regton outside of the apparatus 100. 

An expandabte tubular member 155 is coupled to the upper portton of the 
expanston cone launcher 135. One or more sealing members 160a and 160b ara 
coupled to the exterior of the upper portion of the expandable tubular member 155 In 
several altemative embodiments, the sealing members 160a and 160b may include 
elastomeric etemente and/or metellto elemente and/or composite elements. In several 
altemative embodimente. one or mora anchoring elements may substituted for. or used 
in addition to. the sealing members 160a and 160b. 
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In a preferred embodiment, the support member 105, the expansion cone 115. 
the expansion cone launcher 135, the shoe 140. and the expandable tubular member 
155 are provided substantially as disclosed In one or more of the fbHowIng: (1) U.S. 
patent application serial no. 09/454.139. attorney docket no. 25791.03.02, filed on 
12/3/1999. (2) U.S. patent application serial no. 09/510.913. attorhey docket no. 
25791.7.02, filed on 2/23/2000. (3) U.S. patent appRcatton serial no. 09^02.350. 
attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent applteation serial 
no. 09/440.338. attorney docket no, 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
application serial no. 09/523.460. attorney docket no. 25791.1 1.02, filed on 3/10/2000. 
(6) U.S. patent application serial no. 09/512.895, attorney docket no. 25791.12.02. filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/511.941. attorney docket m. 
25791.16.02. filed oh 2/24/2000. (8) U.S. patent application serial no. 09/588.946. 
attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application serial 
no. 09/559.122. attorney docket no. 25791.23.02, filed on 4/26/2000. (10) PCT patent 
applicatton serial no. PCT/USpO/18635, attorney docket no. 25791.25^02. filed on 
7/9/2000. (11) U.S. provisnnai patent applkation serial no. 60/162.671. attorney docket 
no. 25791.27. filed on 1 1/1/1999. (12) U.S. provistonal patent application serial no. 
60/154.047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent applteatnn serial no. 60/159.082, attorney docket no. 25791 .34. filed on 
10/12/1999. (14) U.S. provisnnal patent application serial no. 60/159.039, attomey 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent applicatton serial 
no. 60/159.033, attomey docket no. 25791.37. filed on 10/12/1999. (16) U.S. 

provisional patent applicatton serial no. __. attorney docket no. 

25791.38. filed on 6/19/2000. (17) U.S. provisional patent appiicatfon serial no. 
60/165.228, attomey docket no. 25791.39, filed on 1 1/12/1999. (18) U.S. provisk>nal 

patent application serial no. attorney docket no. 25791.45. filed on 

7/28/2000. (19) U.S. provlskmal patent application serial no. attorney 

docket no. 25791 .46. filed on 7/28/2000. and (20) U.S. provisional patent application 

serial no. , attomey docket no. 25791 .47, filed on 9/18/2000, the 

disctosures of which are incorporated herein by reference. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within the welibore 10. fluidic materials 165 wHhln the wellbore 10 are 
conveyed through the apparatus 100 through the passages 110. 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 100 within the ««llbore 10 are reduced. In a preferred embodirr^nt 
the apparatus 100 Is Initially positioned within the weBbore 1 0 such that the top portion 
of the tubular merrrt^r 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skiH in the art. the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expanston. and the material properties of the 
expandable tubular nriember. 

As illustrated in Fig. 1c. a fluldic material 170 may then be irijected through the 
apparatus 1 00 through the passages 110. 120. and 145 In order to test the proper 
operation of these passages. 

As illustrated In Fig. Id. a hardenable fluldic sealing material 175 may then be 
injected through the apparatus 100 through the passages 1 10. 120 and 145 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular banier 
to fluid migration into and out of the wellbore 1 0 may be fom,ed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 1 55 The 
hardenable Huldk: sealing material may include, for example, a cement mixture In 
several alternative embodiments, the injection of the hardenable fluldfc sealing material 
175 may be omitted. In several altemative embodiments, the hardenable fluidic sealing 
material 1 75 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. le. a non-hardenable fluidic material 180 may then be 
mjected into the apparatus through the passages 110 and 120. A ball plug 185 or 
other similar device, may then be injected with the fluidfc material 180 to thereby seal 
off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fluldic material 1 80 into the apparatus 100. 

As illustrated in Fig. If. the continued injection of the fluidic material 180 into the 
apparatus 100 causes the expansion cone launcher 135 and expandable tubular 
member 155 to be plastically defomied and radially expanded off of the over-expansion 
sleeve 130. In this manner, the expanston cone 115 and over-expansion sleeve 130 
aie displaced relative to ttie expansion cone launcher 135 and expandable tubular 
member 1 55 in the axial directton. 

After a predetemiined time period and/or after a predetermined axial 
displacement of ttie expanston cone 1 15 relative to the expansion cone launcher 135 
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and expandable tubular member 155. the over-expansion sleeve 130 may be removed 
from the outer conical sur^ 125 of the expansion cone 1 15 by the application of a 
predetermined upward shock load to the support member 105. In a preferred 
embodiment, the shock load causes the fianglble over-expansion sleeve 130 to 
fi-acture Into small pieces that are then forced off of the outer conical surface 125 of 
the expansion cone 115 by the continued pressurization of the region 150. In a 
preferred embcxliment, the pieces of the over-expansion sleeve 130 are pulverized into 
grains of material by the continued pressurization of the regton 150." 

Referring to Rg. 1g, following the removal of the frangible over-expansion 
sleeve 130. the continued pressurization of the region 150 causes the expandable 
tubular member 155 to be plastically defonned and radially expanded and extruded off 
of the outer conical surface 125 of the expansion cone 1 1 5. Note that the amount of 
radial expanston provided by the outer conical surface 125 of expansion cone 1 1 5 is 
less than the amount of radial expanston provided by the combination of the over- 
expansion sleeve 130 and the expansion cone 1 15. In this manner, as iflustrated in 
Rg. 1h. a recess 185 Is formed in the radially expanded tubular member 1 55. 

After completing the plastic defomf^ation and radial expansion of the tubular 
member 155, the hardenaUe flukiic sealing material Is allowed to cure to thereby fpnn 
an annular body 190 that provides a bamer to fluid flow into or out of the wellbore 10. 

Refening to Fig. 11, the shoe 140 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defomied and radially expanded tubular member 
155. 

Referring to Fig. 1j. a tubular member 200 may then be plastically defomied 
and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 200 overiaps with and mates with the recessed portion 185 
of the tubular member 155. In a preferred embodiment, one or more sealing members 
205 are coupled to the exterior surface of the upper portion of the tubular member 200. 
In a preferred embodiment, the sealing members 205 seal the Interface between the 
upper portfen of the tubular member 200 and the recessed portion 1 85 of the tubular 
member 155. In several altemative embodiments, the sealirig members 205 may 
include elastomeric elements and/or metallk: elements and/or composite elements. In 
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several alternative embodiments, one or more anchoring elements may substituted for 
or used In addition to. the sealing members 205. In a preferred embodiment, an 
annular body 21 0 of a haidenable fluidic sealing material is also formed around the 
tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 Is plastically defomnd and 
radially expanded, and the annular body 210 Is formed using one or more of the 
apparatus and methods disclosed In the following: (1 ) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913. attorney docket no. 25791.7.02. filed on 2/23«000. 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791.8.02. fUed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. attorney docket rio. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523.460 
attorney docket no. 25791.11.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512,895. attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent 
applicatkjn serial no. 09/511.941. attorney docket no. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588.946. attorney docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent appKcation serial no. 09/559.122. attorney docket no 
25791.23.02. filed on 4/26«!000. (10) PCT patent application serial no. 
PCT/USOO/18635. attomey docket no. 25791 .25.02. filed on 7/9/2000. (1 1 ) U.S. 
provistonal patent applk:atfc)n serial no. 60/162.671. attomey docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provis»nal patent appltoatton serial no. 60/154.047. attomey 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent applicatton serial 
no. 60/159.082. attomey docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039. attomey docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159.033. attomey 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial 

"°- • a«°^ey docket no. 25791.38. filed on 6/19/2000. (17) U S 

provisional patent application serial no. 60/165.228. attomey docket no. 25791 39 filed 

on 11/12/1999. (18) U.S. provisional patent application serial no. ' 

attomey docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent 

appncatlon serial no. attorney docket no. 25791.46. filed on 7/28/2000 

and (20) U.S. provisional patent application serial no. ______ attorney docket 

no. 25791.47. filed on 9/1B«000. the disclosures of which are incorporated herein by 
reference. 
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In an alternative embodiment, the annular Ixjdy 210 may Iw omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. Ik, an expansion cone 21 5 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to piasticaliy defomi and 
radially expand the tubular nnember 200 such that the interior diameter of the tubular 
members 155 and 200 are substanliany equal. In this manner, as illustrated in Fig. II. 
a mono-diameter wellbore caslr^ may be fonned. 

Referring to Rgs. 2a and 2b. in an alternative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion 
insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intemiedlate portion 
that mates with the expansion cone 315 and the over-expansion Insert 330. an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 Is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveable passage 345 may be oontrollably closed in order to fluididy isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated In Fig. 3. the over-expansion insert 
330 includes a plurality of spaced-apart arcuate inserts 330a. 330b. 330c and 330d that 
are positioned between the outer conical surface 325 of the expansion cone 315 and 
the inner surface of the intermediate portion of the expansion cone launcher 335. In 
this manner, the relative axial displacement of the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over-expand the 
intemiediate portion of the expansion cone launcher. In this manner, a recess may be 
formed in the radially expanded expansion cone launcher 335. In several altemative 
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embodiments, the inserts 330a, 330b. 330c. and 330d fall out of the recess and/or are 
removed from the recess using a conventional retrieval tool upon the completion of the 
radtel expansion process. 

In an alternative embodiment as illustrated In Fig. 3a. the over expansion insert 
330 further includes intermediate resilient members 331a. 331b. 331c and 331d for 
resillentiy coupling the inserts 330a. 330b. 330c and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b may include 

elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315. 
the expansion cone launcher 335, the shoe 340. and the expandable tubular member 
355 are provided substantially as disclosed in one 6r more of the following: (1) U.S. 
patent applicatton serial no. 09/454.139. attorney docket no. 25791.03.02. filed on 
12/3/1 999. (2) U.S. patent application serial no. 09/510.913. attorney docket no. 
25791 .7.02, filed on 2/23/2000. (3) U.S. patent applfeation serial no. 09/502,350, 
attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent applicatkm serial 
no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
application serial no. 09/523.460. attomey docket no. 25791.1 1.02. filed on 3/10«000, 
(6) U.S. patent application serial no: 09/512.895. attomey docket no. 25791.12.02. filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/511.941. attomey docket no. 
25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588.946, 
attomey docket no. 25791 . 1 7.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559.122. attomey docket no. 25791.23.02. filed on 4/26/2000. (10) PCT patent 
applicatton serial no. PCT/USOO/18635. attomey docket no. 25791.25.02. filed on 
7/9/2000. (11) U.S. provistonal patent application serial no. 60/162.671. attomey docket 
no. 25791.27. filed on 11/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047. attomey docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
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patent application serial no. 60/159,082. attorney docket no. 25791.34, filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159.039. attorney 
dodcet no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159.033. attorney docket no. 25791.37, filed on 10/12/1999. (16) U.S. 

provisional patent application serial no. ■ attomey.docket no. 

25791 .38. filed on 6/1 9/2000. (1 7) U.S. proviskmal patent appllcatk>n serial no. 
60/165.228. attorney docket no, 25791.39, filed on 11/12/1999. (18) U.S. provlstonal 

patent application serial no. , attorney docket no. 25791.45, filed on 

7/28/2000. (19) U.S. provisional patent appiicaUon serial no. , attorney 

docket no. 25791.46. filed on 7/28/2000. and (20) U.S. provisional patent applicatton 

serial no. , attorney docket no. 25791 .47, filed on 9/18/2000, the 

disclosures of wtiich are incorporated iiereln by reference. 

As illustrated in Fig. 2b, in a prefen-ed embodiment, during placement of the 
apparatus 300 within the wellbore 10. fluWic materials 365 within the weilbore 10 are 
conveyed through the apparatus 300 through the passages 310. 320 and 345 to a 
tocation above the apparabjs 300. In this manner, surge pressures during placement 
of the apparatus 300 within the weilbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initially posittoned within the wellbore 10 such that the top portion 
of the tubular member 355 overtaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 355 may be radially expanded Into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art. the precise initial positton of the expandable 
tubular member 355 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

As illustrated in Fig. 2c. a fluldic material 370 may then be injected through the 
apparatus 300 through the passages 310. 320. and 345 in order to test the proper 
operation of these passages. 

/Vs illustrated in Fig. 2d, a hardenable fluldic sealing material 375 may then be 
injected through the apparatus 300 through the passages 310. 320 and 345 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular bamer 
to fluid migratton into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluidic sealing material may include, for example, a cement mbdure. In 
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several alterr«tive embodiments, the Section of the ha«lenable fluldic sealing material 
375 may be omitted. In several alternative embodlmer^ts. the hardenaWe fluidic sealing 

material 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Rg. 2e. a non-hardenaWe fluldic material 380 may then be 
injected into the apparatus through the passages 310 and 320. A ball plug 385 or 
other similar device, may then be ir^eded with the fluldic material 380 to thereto seal 
off the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f. the continued injection of the fluidic material 380 into the 
apparatus 300 causes the expansion cone launcher 335 to be plastically defomied and 
radially expanded off of the over-expansion insert 330. In this manner, the expansion 
cone 315 is displaced relative to the expansion cone launcher 335 and expandable 
tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over^xpansion 
insert 330. the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 is provided solely by the outer conical surface 325 of the " 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 Is less than the amount of radial expansion 
provided by the combination of the over^xpansion Insert 330 and the expansion cone 
315. In this manner, as illustrated In Rg. 2g. a recess 390 is formed in the radially 
expanded tubular member 355. 

In several alternative embodiments, the over^xpansion Insert 330 is removed 
from the recess 390 by foiling out and/or removal using a conventional retrieval tool In 
an alternative embodiment, the resilient force provided by the resilient members 331a. 
331b. 331c. and 331d cause the insert 330 to collapse in the radial direction and 
therebyfail out ofthe recess 390. In an alten^ative embodiment, as illustrated in Rg 4 
one or more resilient hooks 395a and 395b are coupled to the bottom of the expansion 
cone 315 for retrieving the over-expansion insert 330 during or after the completion of 
the radial expansion process. 

After completing the plastic defomiation and radial expansion of the tubular 
member 355. the haidenable fluidic sealing material is allowed to cure to thereby fomi 
an annular body 400 that provides a barrier to fluid flow Into or out of the wellbore 10. 

Referring to Rg. 2h. the shoe 340 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
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drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defonned and radially expanded tubular member 
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Refemng to Fig. 2j. a tubular member 405 may then be plastically defomied 
and radially expanded using any number of com^ntlonal methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 405 overlaps with and mates with the recessed portion 390 
of the tubular member 355. In a preferred embodiment, one or more seaKng members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 
In a preferred embodiment, the sealing members 410 seal the interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several altemative embodiments, the sealing members 410 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several altemative embodiments, one or more anchoring elements may substituted for. 
15 orusedinaddltionto.thesealingmembers410. lnapreferredembodiment.an 
annular body 415 of a hardenable fluidic sealing material is also fornied around the 
tubular member 405 using one or more conventional methods. 

In a preferred embodiment, the tubular member 405 Is plastically defonned and 
radially expanded, and the annular body 415 Is fomwd using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510.913, attomey docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. attomey docket rJo. 
25791.9.02. filed on 11/16/1999. (5) U.S. patent application serial no. 09/523.460. 
attomey docket no. 25791.1 1.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895. attomey docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/51 1.941. attomey docket no. 25791.16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588.946. attomey docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent applicatk)n serial no. 09/559.122. attomey docket no. 
25791.23.02. filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635. attomey docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
proviskjnal patent application serial no. 60/162.671. attomey docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047. attorney 
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docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082. atlonney docket no. 25791.34, filed on 10/12/1999, (14) U,S. 
provisional patent application serial no. 60/159,039. attorney docket no. 25791.36, filed 
on 10/12/1999. (15) U.S. provislonai patent application serial no. 60/159,033, attorney 
5 docket no. 25791.37. filed on 10/12/1999. (16) U.S. provistonal patent appiicatton serial 

"O- . attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165.228. attorney docket no. 25791.39, filed 

on 1 1 /1 2/1 999, (1 8) U.S. provisional patent application serial no. , 

attorney docket no. 25791.45. filed on 7/28/2000. (19) U.S. prDvl8k)nai patent 

1 0 application serial no. . attorney docket no. 25791 .46. filed on 7/28^000, 

and (20) U.S. provisional patent application serial no. attorney docket 

no. 26791.47, filed on 9/18/2000, tlie disclosures of which are incorporated herein by 
reference. 

In an altemat've emtxxJiment, the annular body 415 may be omitted. In several 

15 altenrtative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. . 

Referring to Fig. ^. an expansion cone 420 may then be driven in a downward 
direction by fluM pressure and/or by a support meniber 425 to plastteally deforni and 
radially expand the tubular member 405 such that ttie interior diameter of the tubular 

20 members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k, 
a mono-diameter wellbore casing may be formed. 

Refem'ng to Figs 5a-5b, m an alternative embodiment, a tubular nwrnber 500 
having a shoe 505 may be plastically defomned and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 1 5 using any number of 

25 conventional methods. An annular body of a fluidic sealing material 51 0 may also be 
formed around ttie tubular member 500 using any number of conventional methods. In 
a preferred embodiment, the tubular member 500 is plastically deformed and radially 
expanded and the annular ttody 510 Is formed using one or more of the methods and 
apparatus disclosed in one or more of the foltowing: (1 ) U.S. patent applicatfon serial 

30 no. 09/454,139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
applicatfon serial no. 09/510.913. attorney docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09^23,460, 
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attorney docket no. 25791.11.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09^512,895. attorney dodcet no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent 
applicauon serial no. 09/511.941. attorney docket no. 25791.18.02, filed on 2/24/2000, 
(8) U.S. patent applteatton serial no. 09/588,946. attorney docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122, attorney docket no. 
25791 .23.02. filed on 4/26/2000, (10) PCT patent applkation serial no. 
PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. 
provisional patent applicatfon serial no. 60/162.671 , attorney docket no. 25791 .27. filed 
on 11/1/1999. (12) U.s! provisfonal patent application serial ho. 60/154.047. attorney 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082. attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent dpplteation serial no. 60/159.039. attorney docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. provisional patient application serial no. 60/159.033. attorney 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial 

. attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. 
provistonal patent appfication serial no. 60/165.228. attorney docket no. 25791.39. filed 

on 11/12/1999, (18) U.S.provisk)nal patent applfeatfon serial no. . 

attorney docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisional patent 

application serial no. , attorney docket no. 25791 .46. filed on 7/28/2000, 

and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791.47. filed on 9/18/2000. the disck)sures of wt)teh are incorporated tiereln by 
reference. 

In several alternative emljodlments. the annular Ixxly 510 may be omitted or 
may be compressible before, during, or after curing. 

Refening to Figs. 5c and 5d. a conventkMial inflatable bladder 515 may then be 
posittoned virithin the tubular member 500 and inflated to a suffident operating pressure 
to plastically defomn and radially expand a portion of the tubular member to thereby 
fonn a recess 520 in the tubular member. 

Referring to Rgs. 5e and 5f, the inflatable bladder 515 may then be removed 
and the shoe 505 drilled out using a conventfonal drilling device. 

Referring to Rg. 5g. an additional tubular member 525 may then be plastically 
defomied and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
vrallbore casing. Before, during or after the radial expanskm of the tubular member 
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525. an annular botly 530 of a fluidic sealing material may be formed around the 
. tubular member In a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodimenis, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone in order to pemnit the over-expansion process to be 
perfonned during the radial expansion process implemented using the expansion cone. 

Referring to Figs 6a-6b. in an alternative embodiment a tubular member 600 
having a shoe 605 may be plasticaUy deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 61 0 may also be 
fonned around the tubular member 600 using any number of conventional methods. In 
a preferred embodiment, the tubular member 600 is plastically defomied and radially 
expanded and the annular body 610 is fonned using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 
no. 09/454,139, altomey docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
appication serial no. 09«10.913, attorney docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent applicatkm serial no. 09/502.350. attorney docket no. 25791.8.02. filed 
on 2/10CO0O, (4) U.S. patent application serial no. 09/440.338. attorrtey docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent applkation serial no. 09/523.460. 
attomey docket no. 25791.11.02. flted on 3/loeooO. (6) U.S. patent applteation serial 
no. 09/512.895. attorney docket no. 25791.12.02, fited on 2«4/2000, (7) U.S. patent 
application serial no. 09^11.941. attomey docket no. 25791.16.02. fited on 2/24/2000, 
(8) U.S. patent application serial no. 09/58S.948. attomey docket no. 25791.17.02, filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attomey docket no. 
25791.23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162.671. attomey docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047. attomey 
docket no..25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039. attomey docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. provisional patent applfcation serial no. 60/159.033. attomey 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial 
™>; . attomey docket no. 25791.38. filed on 6/19/2000, (17) U.S. 
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provisional patent application serial no. 60/165.228. attorney dodcet no. 25791.39, filed 

on 11/12/1999, (18) U.S. provisional patent application serial no.. 

attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent 

application serial no. , attorney dodcet no. 25791.46. filed on 7/28)2000, 

and (20) U.S. provisional patent application serial no. . attorney docket 

no. 25791 .47. filed on 9/18/2000. the disclosures of wliteh are incorporated herein by 
reference. 

In several alternative emlxxllments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
then t>e positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically defomn and radially expand a portion of the tubular meml)er to thereby forni 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 
skiU In the art, a roller expanskwi device typically utilizes one or more rollers that, 
through rotatkm of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative embodiments, the roller expanskm device 615 may 
Include eccentric roDere such as, for example, as dlsdoeed In U.S. Pat Nos. 5,014,779 
and 5.083.608, the disdosures of virtiich are incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roUer expansion device 615 may then be 
removed and the shoe 605 drilled out using a conventional drilling device. 

Refenlng to Fig. 6f. an addittonal tubular member 625 may then be plastically 
defomed and radially expanded in a conventtonal manher and/or by using one or more 
of the methods and apparatus described above in order to fomri a mono-dlametor 
wellbore casing. Before, during or after the radial expansion of the tubular member 
625. an annular body 630 of a fluidic sealing material may be fonned around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several altennative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to pennit the over-expansion 
process to be perfonmed during the radial expansbn process implemented using the 
expansion cone. 

Refening initially to Rg. 7a. a wellbore 10 indudes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertnai to the 
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horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellt>ore 1 0 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
5 following: (1 ) U.S. patent application serial no. 09/454,139. attorney docket no. 
25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913. 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent appHcatlon serial 
no. 09/502.350. attorney docket no. 25791 .8.02. filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338. attorney docket ho. 25791.9.02. filed on 11/15/1999, 

10 (5) U.S. patent application serial no. 09/523.460, attorney docket no. 25791.11.02. filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000. (7) U.S. patent applicatfon serial no. 09/511.941. 
atlomey docket no. 25791 .16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946. attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 

15 application serial no. 09/559,122, attorney docket no. 25791 .23.02. filed on 4/26/2000, 
(10) PCT patent application serial no. PCT/USOO/18635, attorney docket no. 
25791.25.02. filed on 7/9^000, (11) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent applicatkm serial no. 60/154,047, attorney docket no. 25791.29, filed on 

20 9/16/1999, (13) U.S. provistonal patent applicatton serial no. 60/1 59,082, attorney 

docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/1 59,039, attorney docket no. 25791 .36, filed on 10/1 2/1 999, (1 5) U.S. 
provisnnal patent application serial no. 60/159,033. attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provlstonal patent application serial no. ' , 

25 attomey docket no. 25791 .38, filed on 6/19/2000. (17) U.S. provisional patent 

application serial no. 60/165.228, attorney docket no. 25791 .39, filed on 1 1/12/1999, 

(18) U.S. provisional patent application serial no. , attomey docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
, attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

30 provisional patent application serial no. . attomey docket no. 25791 .47, 

filed on 9/18/2000, tiie disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular members. 
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Referring to Fig. 7b. an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10, The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveylr>g fiuidic materials. An 
expansion cone 715 defining a passage 720 and having an outer oonicai surface 725 
for radially expanding tubular members is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intemiediate portion 735b that mates with the 
expansion cone 71 5, and a lower portion 735c having a lower outer diameter. The 
lower outer diameter Is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a prefened embodiment, the valveable passage 
745 may be controliably dosed in order to fluididy Isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outsMe of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or mbre sealing members 760a and 76pb may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to. the sealing members 760a and 760b. 

In a preferred embodiment, the support member 705. the expansfon cone 715, 
the expansion cone launcher 735. the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1 ) U.S. 
patent application serial no. 09/454,139, attomey docket no. 25791 .03.02. filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attomey docket no. 
25791 .7.02, filed on 2/23«000. (3) U.S. patent application serial no. 09/502.350. 
attomey docket no. 25791 .8.02. filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440.338, attomey docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523.460. attomey docket no. 25791.11.02. filed on 3/10/2000. 
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(6) U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, Wed 
on 2/24/2000. (7) U.S. patent application serial no. 09/51 1 .941, attorney docket no. 
25791.16.02. filed on 2/24/2000. (8) U.S. patent applicaton serial no. 09/588.946. 
attorney docket no, 25791.17.02. filed on 6/7/2000, (9) U.S. patent applicatk>n serial 
5 no. 09^59.122. attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOO/18635, attorney docket na 25791 .25.02, filed on 
7/9/2000. (11) U.S. provisfonal patent application serial no. 60/162,671. attorney docket 
no. 25791 .27, filed on 1 1/1/1999, (12) U.S; provisional patent applicatton serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisfonal 
1 0 patent applicaUon serial no. 60/1 59,082, attorney docket no. 2579 1 .34. filed on 

10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791 .36, filed on 10/12/1999, (15) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. , attorney docket no. 

15 25791.38. filed on 6/19/2000. (17) U.S. provisional patent application serial no. 

60/165.228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional 

patent applkatton serial no. . attorney docket no. 25791 .45. filed on 

7/28/2000, (19) U.S. provisfonal patent appllcatfon serial no. attorney 

docket no. 25791.46. filed on 7/28/2000, and (20) U.S. provisional patent application 

20 serial no. , attorney docket no. 25791 .47, filed on 9/18/2000, the 

disclosures of whfoh are incorporated herein by reference. 

As illustrated in Fig, 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, flukJic materials 765 within the wellbore 10 are 
conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
25 location above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 1 0 are reduced, in a prefen^ embodiment, 
the apparatus 700 is initlany positioned vwthin the wellbore 10 such that the top portion 
of the tubular member 755 overiaps with the preexisling casing 1 5. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
30 conted with and coupled to the preexisting casing 1 5. As vwll be recognized by 
persons having ordinary skill in the art, the precise initial positfon of the expandable 
tobular member 755 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 
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As illustrated in Fig. 7c. a fluldic material 770 may then be injected through the 
apparatus 700 through the passages 710. 720. and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710, 720 and 745 Into the 
annulus between the apparatus and the wellbore 10. |n this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be fomied around the radially 
expanded expansion cone launcher 736 and expandable tubular member 755. The 
hardenable fluidic seaOng material may Include, for example, a cement mixture. In 
several alternative embodiments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 775 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e. a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball plug 785. or 
other similar device, may then be injected with the fluidic material 780 to thereby seal 
off the passage 745. In this manner, the region 750 may be pressurized by the 
continued ir^ection of the fluidic material 780 into the apparatus 700. 

As illustrated in Rgs. 7f and 7g, the continued injecUon of the fluidic material 
780 into the apparatus 700 causes the expansion cone launcher 735 and expandable 
tubular member 755 to be plastically defonned and radially expanded off of the 
expansion cone 715. The resulting stoicture includes a Kp 790. 

After completing the plastic defotrnation and radial expansion of the tubular 
member 755. the hardenable fluidic sealing material is aflowed to cure to thereby form 
an annular body 795 that provides a banier to fluid flow Into or out of the wellbore 10. 

Refemng to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to pennit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defprmed and radially expanded tubular member 
755. 

Refening to Fig. 71, an additional tubular member 800 may then be plastically 
defonned and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
800. an annular body 805 of a fluidic sealing material may be fonned around the 
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tid)ular member In a conventional manner and/or by using one or more of the methods 
and apparatus described above, in a preferred embodiment, the lip 790 mutates the 
coupling of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 
5 RdfemngtoFig.Ba. in an alternative ernbbdlrnent, a vveilbore 10 includes a 

preewsHng section of welibore casing 1 5 »k1 900. The wallbore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided using any number of conventional methods, the 

10 methods described above, and/or using one or more of the methods disclosed in the 
following: (1) U.S. patent application serial no. 09/454,139. attomey docl<et no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913, 
attomey docket no. 25791.7.02. filed on 2/23/2000, (3) U.S. patent applicatton serial 
no. 09ffi02,350, attorney dodtet no. 25791.8.02, ffled on 2/10/2000, (4) U.S. patent 

15 application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial na 09/523.460, attomey docket no. 25791.11.02, filed 
on 3/10/2000. (6) U.S. patent appikation serial no. 09/512,895, attomey docket no. 
25791.1 2.02, filed on 2/24/2000, (7) US. patent application serial no. 09/51 1 ,941 , 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 

20 no. 09/588.946, attomey docket ho. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 
(10) PCT patent applicatton serial no. PCT/USOO/18635. attomey docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provisfonal patent application serial no. 
60/162,671, attomey docket no. 25791 .27, filed on 11/1/1999. (12) U.S. provisfonal 

25 patent application serial no. 60/154,047, attomey docket no. 25791 .29, filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159,082, attomey 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisfonal patent application serial 
no. 60/159.039, attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisfonal patent application serial no. 60/159.033. attorney docket no. 25791.37, filed 

30 on 10/12/1999, (16) U.S. provisfonal patent applfcatfon serial no. ■ 

attomey docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisfonal patent 
applicatfon serial no. 60/165,228, attomey docket no. 25791.39. filed on 11/12/1999, 

(18) U.S. provisional patent applfoation serial no. , attomey docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no, 
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, . attorney docket no. 25791.46. filed on 7/28^000, and (20) U.S. 

provisional patent application serial no. . attorney docket no, 25791.47. 

filed on 9/18/2000, the disdosures of which are incorporated herein by reference. 

Refening to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 
is then positioned within the wellbore 10 that includes a tubular support member 1005 
that defines a passage 1 01 0 for conveying fluidic materials. A hydraulic tocking devtee 
1015 that defines a passage 1020 for conveying fluidic materials that is fluWidy 
coupled to the passage 1010. The locking device 1015 further Includes inlet passages. 
1020a and 1020b, actuating chambers, 1025a and 1025b, and locking members, 
1030a and 1030b. During operation, the injection of fluWic materials into the actuating 
chambers, 1025a and 1025b. causes the locking members, 1030a and 1030b, to be 
displaced outwardly in the radial direction. In this manner, the locking device 1015 may 
be eontrollably coupled to a tubular member to thereby maintain the tubular member in 
a substantially stationary positipn. As will be recognized by persons having ordinary 
skill in the art, the operating pressures and physical shape of the inlet passages 1 020, 
actuating chambere 1025. and locking members 1030 will determine the maximum 
amount of hokling force provWed by the tocking device 101 5. In several altemative 
embodiments, fluklic materials may be injected into the locking devwe 1015 using a 

dedkatedfluW passage In order to provkJe precise control of the tocking device, in 
several altemative embodiments, the locking device 1015 may be omitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1 040 Is 
coupled to the locking device 1015. The passage 1040 Is fluididy coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 
outer conical surface 1055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is nwjvably coupled to and supported by the 
expansion cone 1045. The expansfon cone launcher 1060 includes an upper portion 
1060a having an upper outside diameter, an intemiediate portion 1060b that mates 
with the expareion cone 1045. and a lower portion 1060c having a lower outside 
diameter, the lovi«r outside diameter is greater than the upper outside diameter. 

A shoe 1065 that defines a vaiveable passage 1070 is coupled to the lower 
portion 1060c of the expanston cone launcher 1060. in this manner, a regton 1075 
below the expanston cone 1045 and bounded by the expansion cone launcher 1 060 
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and the shoe 1065 may be pressurized and fluididy isolated from the annular region 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular nnember 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
5 sealing nriembers are coupled to the exterior of the upper portion of the expandable 
tubular member 1080. In several alternative embodiments, the sealing members may 
include elastomerfc elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing members. 
10 An expansion cone 1085 defining a passage 1090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 In a preferred embodiment, the support members 1005 and 1035, the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1 ) U.iS. patent application serial no. 09/454.1 39. attorney docket 
no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913. 

20 attorney docket no. 25791 .7,02. filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502.350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440.338. attorney docket no. 25791 .9.02. filed on 1 1/1 5/1999. 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512.895. attorney docket no. 

25 25791.12.02, filed on 2/24/2000. (7) U.S. patent application serial no. 09/511,941. 
attorney docket no. 25791 .16.02. filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559.122, attomey docket no. 25791.23.02, filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/USOO/18635. attomey docket no. 

30 25791.25.02, filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671, attorney docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154.047, attomey docket no. 25791.29. filed on 
9/16/1999, (13) U.S. provisional patent application serial no; 60/159.082, attomey 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provisional patent application serial 
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no. 60/159.039, attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent appHcation serial no. 60/159.033, attorney docket no. 25791.37. filed 

on 10/12/1999, (16) U.S. proylskMial patent applkatkm serial no. , 

attorney docket no. 25791 .38. filed on 6/19/2000, (17) U.S. provisional patent 
5 application serial no. 60/165.228, attorney docketno. 25791.39, filed on 1 1/12/1999. 
(18) U.S. provisional patent appllcatfon serial no. • , attorney docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provisional patent applteation serial no. 

. attorney docket no. 25791 .46. filed on 7/28/2000, and (20) U.S. 

provisfonal patent application serial no. . attorney docket no. 25791 .47, 

1 0 filed on 9/1 8/2000, the disclosures of wtiich are incorporated herein by reference. 

As illustrated in Rg. 8b. in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fiuidlc materials 1110 within the wellbore 1 0 are 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a locatton above the apparatus 1000. In this manner, surge pressures during 

1 5 placement of the apparatus 1 000 within the wellbore 1 0 are reduced In a prefen-ed 
embodiment, the apparatus 1000 is mitially posifioned within the wellbore 10 such that 
the top portkm of the tutoxAar member 1080 overiaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 

20 91 0 of the preexisting casing 900. 

As illustrated in Fig. 8c. a fiuidic material 1115 may then be injected through the 
apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d. a hardenable fluidic sealing material 1120 may then be 

25 injected through the apparatus 1000 through the passages 1010, 1020. 1040. and 
1070 into the annulus between the apparatus and the wellbore 10. In this manner, an 
annular barrier to fluid migratton into and out of the wenbore 10 may be fonned around 
the radially expanded expansion cone launcher 1060 and expandable tubular member 
1 080. The hardenable fluidic sealing material may include, for example, a cement 

30 mMure. In several altemative embodiments, the injection of the hardenable fluklic 
sealing material 1 120 may be omitted. In several attemafive embodiments, the 
harden^le fluidfc sealing material 1120 is compressible, before, during and/or after, 
the curing process. 
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As illustrated in Fig. Be, a non-hardenable fluidic material 1 125 may then be 
Injected Into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball 
plug 1 130. or other similar device, rr^y then be Injected with the fluidic material 1 125 to 
thereby seal off the passage 1070. In this manner, the region 1 075 may be 
5 pressurized by the continued injection of the fluidic material 1 125 into the apparatus 
1000. Furthemiore, in this manner, the actuating chambers, 1025a and 1025b, of the 
locking device 1015 may be pressurized. In this manrier. the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 

1 0 downward direction by a direct application of axial force using the support member 
1 1 GO and/or through the applfcation of fluid force. The axial displacement of the 
expansion cone 1085 may plastically defonn and radially expand the upper portion of 
the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 

15 preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the locking 
member 1 015 preferably prevents axial displacement of the tubular member 1 080. In a 
preferred embodiment, the k>cking mennber 1015 is positioned proximate the upper 
portton of the tubular member 1080 in order to prevent buckling of the tubular member 

20 1080 during the radial expansion of the upper portion of the tubular member. In an 
alternative embodiment, the locking member 1015 is omitted and the interference 
between the intemriediate portion 1060b of the expanston cone launcher 1060 and the 
expansion cone 1 045 prevents the axial displacement of the tubular member 1 080 
during the radial expanskm of the upper portk>n of the tubular member. 

25 As illustrated in Fig. 8g, the expanston cone 1 085 and 1 1 00 may then be raised 

out of the wellbore 1 0. 

As illustrated in Fig. 8h. the continued injection of the fluidic material 1 125 into 
the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastrcally deformed and radially expanded off 

30 of the expansion cone 1045. In this manner, the expansion cone 1 045 is displaced 
relative to the expansion cone launcher 1060 and expandable tubular member 1080 in 
the axial direction. In a preferred embodiment, the axial forces created during the 
radial expansion process are greater than the axial forces generated by the locking 
device 1015. As will be recognized by persons having ordinary skill in the art, the 
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predse relationship between these axial forces will vary as a function of the operating 
characteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080. In an alternative 
embodiment, the operating pressures of the actuating chambers, 1025a and 1025b, 
5 and the region 1075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As iliustrated in Fig, 8i. after completing the plastic defonmation and radial 
expansion of the tubular member 1080. the hardenable fluidic sealing material is 
allowed to cure to thereby fonn an annular body 1 130 that provides a bam'er to fluid 
1 0 flow into or out of the wellbore 1 0. The shoe 1 065 may then removed by drilling out the 
shoe using a conventional drilling device. A new section of the wellbore 10 may also 
be drilled out in order to pemiit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular member 
1080. 

15 In an altemative embodiment, the annular body 1 1 30 may be omitted. In 

several altemative embodiments, the annular body 1 130 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter 

20 wellbore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 
outer annular layers of fluidic sealing materials such as, for example, cement The 
ends of the casings, 1205 and 1210, are separated l>y a gap 1215. 

25 Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 

opposing ends of the casings. 1205 and 1210. to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings. 1205 and 1210, by plastically defomniing and radially expanding the tubular 
member 1220 using one or more of the methods and apparatus described and 

30 referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1 220. In a preferred embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. In several altemative embodiments, the radial expansion device 1225 



may be any number of conventional radial expansion devices such as. for example, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Refening to Figs. 9d and 9e, after actuation and subsequent de-actuation and 
5 removal of the radial expansion device 1225, the inside diameters of the casings, 1205 
and 1210. are substantially equal to the inside diameter of the tubular member 1220, 
In this manner, a mono-diameter wellbore casing may be fonned. 

Refening to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In a preferred embodiment, the tubular members, 

10 1 305 and 1 310, are plastically defonmed and radially expanded using one or more of 
the methods and apparatus described and referenced above. In this manner, a 
wellbore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material properties of the tubular 
members, 1305 and 1310. 

15 Referring to Fig. 1 1a, a wellbore 1400 includes a casing 1405 that is coupled to 

a preexisting casing 1410. In a preferred embodiment one or more sealing members 
1415 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to optimally seal the interface between the tubular member 1405 and the 
preexisting casing 1410. In a prefenred embodiment, the tubular member 1405 is 

20 plastically defomned and radially expanded usir^ conventional methods and/or one or 
wore of the methods and apparatus described and referen . above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process Is ODo, the wall thickness of the tubular member 1405 prior to the 
radial expansion process Is to, the outside diameter of the tubular member following the 

25 radial expansion process is ODi. and the wall thickness of the tubular member 
following the radial expansion process is ti. 

Refemng to Fig. lib. a tubular member 1420 may then be coupled to the lower 
portion of the tubular member 1405 by plastically defonning and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods 

30 and apparatus described and referenced above. In a preferred embodiment, the 

exterior surfoce of the upper portion of the tubular member 1420 includes one or more 
sealing members for sealirig the interface between the tubular member 1420 and the 
tubular member 1 405. 
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Referring to Fig. lie. lower portion of the tubular member 1405 and the tubular 
HDember 1420 may be radially expanded ajgain to provide a mono-diameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In 
an exemplary embodiment, the outside diameter and wall thickness of the lower portton 
of the tubular member 1405 after the additiondl radial expansion process are OD2 and 

t2. 

The radial expansion process of Figs. 1 1b-11c can then be repeated to provide 
a mono-diameter wellbore casing of virtually unlimited length. 

In several alternative embodiments, the ordering of the radial expansions of the 
tubular members, 1405 and 1420, may be changed. For example, the first tubular 
member 1405 may be plastically defomned and radially expanded to provide a lower 
portion having the outside diameter OD2 and the remaining portion having the outside 
diameter OD1. The tubular member 1420 may then be plastically deformed and 
radially expanded one or more times until the inside diameters of the tubular members, 
1405 and 1420, are substantially equal. The plastic deformations and radial 
expansions of the tubular members, 1405 and 1420. may be provided using 
conventional methods and/or one or more of the methods and apparatus described and 
referenced above. 

In an exemplary embodiment, the total expansion strain E of the tubular 
member 1405 may be expressed by the following equation: 

E^fOD^-ODJ/ODo (1) 
where ODo = original outside diameten 

OD1 = outside diameter after 1 ^ radial expansion; and 
OD2 = outside diameter after 2"^ radial expansion. 
Furthemiore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) th^ 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
first radial expansion is equal to d, the outside diameters. OD1 and OD2, of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 

OD, = OD, + 2di2t, (2) 
QD2 = + 2/?+ 2/2 (3) 
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where ODo = the original outside diameter of the tubular member 1405; 

ODi = the outside diameter of the tubular member 1 405 
following the first radial expansion; 
* OD2 = the outside diameter of the tubular member 1405 
^ following the second radial expansion; 

d = the radial spacing between the tubular member 
1405 and the wellbora prior to the first radial 
expansion; 

ti = the wall thickness of the tubular member 1405 
^ 0 after the first radial expansion; 

= the wall thickness of the tubular member 1405 
after the second radial expansion; and 
R = thethicknessofsealingmember provided on the 
exterior surface of the tubular member 1420, 
15 Furthemrwre, in an exemplary embodiment, for d approximately equal to 0.25 

inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 

E=[om.\)lOD, (4) 

where tb = theoriginalwallthicknessof the tubular member 
20 1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member: Therefore, from equation (4) the ratio of 
the original outsMe diameter to the original wall thickness (ODo/lo) may be expressed 
25 as: 

ODo/^o^ 3.8/(03- 0.7/OZ)o) (5) 

Thus, in a preferred embodiment, for ODo less than 10 inches, the optimal ratio 
of the original outside diameter to the original wall thickness (ODo/to) may be expressed 
30 as: 

0DJt,>\6 (6) 
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In this manner, for typical tubular nnembers, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relationship In equation (6) is satisfied. Furthermore, the relationships expressed In 
equations (1) through (6) are valid regardless of the order or type of the radial 
5 expansions of the tubular member 1405. More generally, the relationships expressed 
in equations (1) through (6) may be applied to the radial expansion of staictuies having 
a wide range of profiles such as. for example, triangular, rectangular, and oval. 

An apparatus for plastically defonning and radially expanding a tubular niember 
has been described that Includes means for plastically defomiing and radially 

1 0 expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. In a preferred embodiment, the first outside diameter Is 
greater than the second outside diameter. In a prefenred embodiment, the means for 
plastically defomiing and radially expanding the first portion of the tubular member to 

15 the finst outside diameter is removable. In a preferred embodiment, the means for 
plastically defomiing and radially expanding the first portion of the tubular member to 
the first outside diameter is frangible. In a preferred embodiment, the means for 
plastically defomiing and radially expanding the first portion of the tubular member to 
the first outside diameter Is elastic. In a preferred embodiment, the means for 

20 plastically defomiing and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the first portion 
of the tubular member. In a preferred embodiment, the means for plastically defomiing 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a prefen-ed embodiment, the means for plastically deforming 

25 and radially expanding the first portion of the tubular member to the first outside 

diameter includes rolling means for applying radial pressure to the first portion of the 
tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support memt>er including a first fluid 
30 passage, an expansion cone coupled to the tubular support member having a second 
fiuid passage fluididy coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an 
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end of the expansion cone launcher. In a preferred embodiment, the conical sleeve is 
frangible. In a prefenred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve Includes a plurality of arcuate elements. 

A method of plastically defonning and radially expanding a tubular member has 
5 also been described that includes plastically deforming and radially expanding a portion 
of the tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. In a 
preferred embodiment, the first diameter is greater than the second diameter In a 
preferred embodiment, plastically defomiing and radially expanding the portion of the 

10 tubular member Includes applying a radial force to the portion of the tubular member 
using a conical sleeve. In a prefen-ed embodiment, conical sleeve is frangible. In a 
preferred embodiment, the conical sleeve is elastic. In a preferred embodiment, the 
conical jsleeve includes a plurality of arcuate elenrvents. In a preferred embodiment, 
plastically defonning and radially expanding the portion of the tubular member includes 

15 applying a radial force to the portion of the tubular member using an inflatable bladder. 
In a preferred embodiment, plastically defonming and radially expanding the portion of 
the tubular member includes applying a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 

20 also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular meml)er to a first outside diameter, plastically defonning and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 

25 and radially expanding the second tubular member to a third outside diarrieter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after 
the plastic defonnations and radial expansions are substantially equal. In a prefened 
embodiment, the first outside diameter i^ greater than the second outside diameter. In 

30 a preferred embodiment, plastically defonming and radially expanding the first portion of 
the first tubular member includes applying a radial force to the portion of the tubular 
member using a conical sleeve. In a prefenred embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve Is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
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embodiment, plastically defomiing and radially expanding the first portion of the first 
tubular member Includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that inclodes means for plastically defomf^irig and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, means for plastically defomiing and radially expanding the 
second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic defonnations 
and radial expansions are substantially equal. In a prefenred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
emt>odiment, the means for plastically deforming and radbliy expanding the first 
portion cf the first tubular member includes means for applying a radial fon:e to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 
a prefen-ed embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a prefenBd embodiment, the means for plastically deforming and radially expanding the 
first portion of the first tubular member includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, the means for plastically defomiing and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to ttie first 
portion of the first tubular member using a roller expansion device. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that Includes means for supporting a tubular member within the wellbore, 
means for plastically defomning and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically defomiing and radially 
expanding a second portion of the tubular member to a second outside diameter. In a 
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preferred embodiment, the Hrst outside diameter Is greater than the second outside 
diameter. In a preferred emlxxfiment. the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is 
removable. In a preferred embodiment, the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. In a preferred embodiment, the meand for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is elastia 
In a preferred embodiment, the means for plastically defomiing and radially expanding 
the first portion of the tubular member to the first outside diameter includes means for 
applying a radial force to the first portion of the tubular member. In a preferred 
embodiment, the means for plasticaHy defonning and radially expanding the first 
portion of the tubular member to the first outside diameter is Inflatable. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter includes rolling means for 
applying radial pressure to the first portton of the tubular member. In a preferred 
embodiment, the apparatus further Includes means for forming an annular body of a 
fluidic sealing material within an annulus between the tubular member and the 
wellbore. 

An apparatus for fomiing a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluldidy coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expansion cone launcher coupled to the oonlcal sleeve and a lower portion of 
the tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. In a prefen^ed embodiment, the conical sleeve is frangible. 
In a preferred embodiment, the conical sleeve is elastic. In a preferred embodiment, 
the conical sleeve includes a plurality of arcuate elements. 

A nnethod of fomiing a wellbore casing within a wellbore has also been 
described that includes supporting a tubular member within a wellbore. plastically 
defonming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically defomiing and radially expanding another portion of the 
tubular menriber to a second outside diameter. In a preferred embodiment, the first 
diameter is greater than the second diameter. In a preferred embodiment, plastically 
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deforming and radially expanding the portion of tlie tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality of 
5 arcuate elements. In a preferred embodiment, plastically deforming and radially 
expanding the portion of the tubular member Includes applying a radial force to the 
portion of the tubular member using an inflatable bladder. In a preferred embodiment, 
plastically defomiing and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a roller expansion 

10 device. In a preferred embodiment, the method further includes injecting an annular 
body of a hardenable fluldic sealing material into an annulus between the tubular 
nrember and the wellbore. In a prefened embodiment, the method further includes 
curing the annular body of hardenable fluidic sealing material 

A method of fomfiing a mono^Jiameter vweilbore casing within a wellbore has 

1 5 also been described that includes supporting a first tubular member within the wellbore, 
plastically defomning and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically defbmiing and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tid)ular 
member inside the first tubular member in overiapping relation to the first portion of the 

20 first tubular member, plastically deftxming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defomnations and radial ttcpansions 
are substantially equal. In a preferred embodiment, the first outside diameter is greater 

25 than the second outside diameter. In a preferred embodiment, plastically defomiing 
and radially expanding the first portion of the first tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic In a prefened embodiment, the conical sleeve includes a pluralrty of 

30 arcuate elements. In a prefefred embodiment, plastically deforming and radially 

expanding the first portion of the first tubular member includes applying a radial force to 
the first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, plastically defonning and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
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member using a roller expansion device. In a preferred embodiment; the method 
further includes injecting an annular body of a hardenable fluidic sealing material Into 
an annuius between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes curing the annular body of hardenable fluidic 
5 sealing material. In a prefenred embodin^nt, the method further Includes injecting an 
annular body of a hardenable fluidic sealing materia into an annuius between the 
second tubular member and the wellbore. In a preferrisd embodiment, the method 
further includes curing the annular body of hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 

1 0 has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular meml>er to a first outside diameter, means 
for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 

1 5 first tubular member, means for plastically deforming and radially expanding the 

second tubular member to a third outside diameter, and means for plastically defomning 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic deformations 
and radal expansions are substantially equal. In a prefaced embodiment, the first 

20 outside diameter is greater than the second outside diameter. In a prefen-ed 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes nfieans for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment the 
conical sleeve is frangible. In a prefenred embodiment, the conical sleeve is elastic. In 

25 a prefen^ed embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the means for plastically deforming and radially expanding the 
first portion of the first tubular member includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a prefen-ed 
embodiment, the means for plastically deforming and radially expanding the first 

30 portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a prefenred 
embodiment, the apparatus further includes mear)s for injecting an annular body of a 
hardenable fluidic sealing material into an annuius between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus further includes means for 
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curing the annular body of hardenable fluidic sealing material. In a preferred 
emt)odiment» the apparatus further includes means for Injecting an annular body of a 
hardenable fluidic sealing matenal into an annulus between the second tubular 
member and the wellbore. In a prefenred embodiment, the apparatus further includes 
5 means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically d^orming and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion 
of the tubular member, and means for plastically defonmlng and radially expanding 
another portion of the tubular member. 

10 An apparatus for plastically defonrning and radially expanding a tubular member 

has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled to a lower 

15 portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expansion cone, a third annular 
portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 

20 and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

A method of piastically deforming and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 

25 member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes providing a lipped portion in a portion of the first 
tubular member, plastically defonning and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member 
30 in overiapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
the first and seoorid tubular members atter the plastic defomiations and radial 
expansions are substantially equal. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that Includes means for providing a lipped portion In the first 
tubular member, means for plastically defomning and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member Inside 
5 the first tubular member in overlapping relation to the lipped portion of the first tubular 
member, and means for plastically defomfiing and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic defomiations and radial expansions are substantially equal. 

An apparatus forfonning a wellbore casing within a wellbore has also been 
1 0 described that includes means for supporting a tubular member within the wellbore, 
means for providing a lipped portion in the tubular member, and nrieahs for plastically 
deforming and radially expanding another portion of the tubular member to a second 
outside diameter. 

An apparatus for fomning a wellbore casing within a wellbore has also been 
1 5 described that Includes a tubular support member Including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluldidy coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
20 mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside diameter, 
wherein the second outside diarheter is less than the first outside diameter, and a shoe 
havirig a valveable passage coupled to fourth annular portion of the expansion cone 
25 launcher 

A method of fomning a wellbore casing in a wellbore has also been described 
that includes supporting a tubular member within the wellbore, providing a lipped 
portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a prefenred embodiment, the 
30 method further includes injecting a hardenable fluidic sealing material in an annulus 
between the tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the fluidic sealing material. 

A method of fonning a mono-diameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the wellbore. 
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providing a lipped portion in a portion of the first tubular member, plastically defomiing | 
and radially expanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member in overlapping relation to the ! 
lipped portion of the first tubular member, and plastically deforming and radially 
5 expanding the second tubular member. The inside diameters of the first and second i 
tubular members after the plastic defomiations and radial expansions are substantially 
equal. In a prefen-ed embodiment, the method further includes injecting a hardenable I 
fluidic sealing material in an annulus between the first tubular member and the ' 
wellbore. In a prefenred embodiment, the method further includes curing the fluidic j 

1 0 sealing material. In a prefen^ embodiment, the method further includes injecting a ' 
hardenable fluidic sealing material in an annulus between the second tubular member ' 
and the wellbore. In a preferred embodiment, the method further includes curing the ' 
fluidic sealing material. ■ 
An apparatus for fomriing a mono-diameter wellbore casing within a wellbore ■ 

15 has also been described that includes means for providing a lipped portion in the first j 
tubular nnember. means for plastically deforming and radially expanding another portion i 
of the first tiibular member, means for positioning the second tubular member inside 
the first tubular member in overiapping relation to the lipped portion of the first tubular ! 
member, and means for plastically defomning and radially expanding the second 

20 tubular member. The inside diameters of the first and second tubular members after 
the plastic defonmations and radial expansions are substantially equal. In a prefen-ed 
embodiment, the apparatus further Includes means for injecting a harxlenable fluidic j 
sealing material in an annulus between the first tubular member and the wellbore. In a 
preferred emt>odirhent. the apparatus further includes means for curing the fluidic 

25 sealing material. In a prefen-ed embodiment, the apparatus further includes means for 
injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. In a preferred embodinient, the apparatus further 
includes means for curing the fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member ' 

30 has also been described that includes means for plastically defonning and radially 
expanding a first end of the tubular member, and means for plastically defomiing and 
radially expanding a second end of the tubular member. In a preferred embodiment, 
the apparatus further includes means for anchoring the tubular member during the ! 
radial expansion. 



An apparatus for plastically deformirig and radially expanding a tubular metrrtser 
has also been described that includes a tubular support member including a first 
passage, an expansion cone coupled to the tubular support having a second passage 
fluididy coupled to the first passage and an outer conical sutfece. an annular 
expansion cone launcher movaUy coupled to outer conical surfeoe of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the amular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone rhovabiy 
coupled to the tubular support member. The annular expanision cones are positioned 
in opposite orientations. In a prefenred embodiment, the annular expansion cone is 
adapted to plastically defonn and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member. In a prefen^ 
embodiment, the apparatus further includes an anchoring member coupled to the 
tubular support member adapted to liold the expandable tubular. 

A method of plasticany defbmning and radially expanding a tubular member has 
also been described that includes plastically deforming and radially ®<panding a first 
end of the tubular member, and plastically defomiing and (adiaily expanding a second 
end of the tubular member. In a preferred embodiment, the method further includes 
anchoring the tubular member during the radial expansion. In a preferred embodiment, 
the first end of the tubular member is plastically defomied and radially expanded before 
the second end. In a prefened embodiment, plastically defbnnmg and radially 
expanding the second end of the tubular member includes injecting a fluidic material 
into the tubular member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes positioning the second tubular member inside the 
first tubular member in an overtapping relationship, plastically defomiing and radially 
expanding the end of the second tubular member that overiaps with the first tubular 
member, and plastically defomiing and radially expanding the remaining portion of the 
second tubular member. In a preferred embodiment, the method further includes 
plastically defonning and radially expanding at least a portion of the second tubular 
member. In a prefered embodiment, the Inside diameters of the first and second 
tubular members are substentially equal after the radial expansions. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship^ means for 
plastically defomiing and radially expanding the end of the second tubular member that 
5 overlaps with the first tubular member, and means for plastically defomiing and radially 
expanding the remaining portion of the second tubular member. In a preferred 
embodiment, the apparatus further includes means for plastically defomiing and 
radially expanding at least a portion of the second tubular member. In a preferred 
embodiment, the inside diameters of the first and second tubular members are 

1 0 substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a v^llbore has also been 
descnl)ed that includes means for supporting a tubular member within the wellbore, 
means for plastically defomiing and radially expanding a first end of the tubular 
member, and means for plastically deforming aind radially expanding a second end of 

15 the tubular member. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the apparatus further Includes means for injecting a hardenable fluldic 
sealing material into an annuius between the tubular member and the wellbore. 
An apparatus for forming a wellbore casing within a wellbore has also been 

20 described that includes a tubular support member including a firet passage, an 
expansion cone coupled to the tubular support having a second passage fluididy 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 

25 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
In opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically defomi and radially expand a first end of the expandable tubular 

30 member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus further includes an anchoring member coupled to the 
tubular support member adapted to hold the expandable tubular. 
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A method of forming a wellbore casing within a wellbore has also been 
described that includes plasttcally defonming and radially expanding a first end of the 
tubular member, and plastically deforming and radially expanding a second end of the 
tubular member. In a prefened embiodiment. the method further includes anchoring the 
5 tubular member during the radial expansion. In a piBfenned embodiment, the first end 
of the tubular member is plastically defonmed and radially expanded before the second 
end. In a prefen-ed embodiment, plastically defonning and radially expanding the 
second end of the tubular member includes injecting a fluidic material into the tubular 
member. In a preferred embodiment, the method further includes injecting a 
1 0 hardenable fluidic sealing material Into ah annulus between the tubular member and 
the wellbore. 

A method of fomriing a wellbore casing within a wellbore has also been 
described that includes plastically defonming and radially expanding a first tubular 
member within the wellbore, positioning a second tubular member inside the first 

1 5 tubular member In an overiapping relationship, plastically defomrting and radially 
expanding the end of the second tubular member that overiaps with the first tubular 
member, plastically defomiing and radiaOy expanding the remaining portion of the 
second tubular member. In a preferred embodiment, the method further includes 
plastically defonming and radially expanding at least a portion of the second tubular 

20 member. In a prefenned embodiment, the Inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
embodiment, the method further includes iniecting a hardenable fluidic sealing material 
into an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material 

25 into an annulus between the second tubular member and the wellbore. 

An apparatus for fomiing a wellbore casing within a wellbore has also been 
described that includes means for plastically defonming and radially expanding a first 
tubular member within the wellbore, means for positioning the second tubular member 
inside the first tubular member in an overiapping relationship, means for plastically 

30 defomiing and radially expanding the end of the second tubular member that overiaps 
with the first tubular member, means for plastically defonming and radially expanding 
the remaining portion of the second tubular member. In a preferred embodiment, the 
apparatus further includes means for plastically defonming and radially expanding at 
least a portion of the second tubular member. In a prefenwl embodiment, the inside 
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diameters of the first and second tubular members are substantially equal after the 
radial expansions. In a preferred embodiment, the apparatus further includes means 
for injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the welibore. In a prefened embodiment, the apparatus further 
includes means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the welibore. 

An apparatus for bridging an axial gap between opposing pairs of welibore 
casing within a welibore has also been described that includes means for supporting a 
tubular member in overiapping relation to the opposing ends of the welibore casings, 
means for plastically defomning and radially expanding the tubular member, and means 
for plastically deforming and radially expanding the tutjular member and the opposing 
ends (rf the welllx>re casings. 

A method of bridging an axial gap between opposing pairs of welibore casing 
within a welibore has also been described that includes supporting a tubular member in 
overlapping reiaUon to the opposing ends of the welibore casings, plastically defomiing 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
ends of the welibore casings. 

A method of fomilng a structure having desired strengtii characteristics has also 
been described that includes providing a first tubular member, and plastically deforming 
and radially expanding addHronal tubular members onto tiie Interior surface of tiie first 
tubular member until the desired strength characteristics are achieved. 

A method of forming a welibore casing within a welibore having desired strength 
characteristics has also been described ttiat includes plastically defonning and radially 
expanding a first tubular member within the welibore, and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first 
tubular memlier until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODo and an original wall 
thickness to. has also been described ttrat includes plastically defomiing and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning the second tubular member inside the first 
tubular member In overlapping relation to the first portion of the first tubular member, 

56 



plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter, wherein the inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal, and 

wherein the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thicltness to of the first tubular member is greater than or equal to 16. 

A method of fomiing a mono^iameter wellbore casing has also been described 
that includes positioning a first tubular member within a weflbore. the first tubular 
member having an original outside diameter ODo and an original wall thickness to, 
plastically defonming and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically defonnlng and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member Inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically defonning and radially expanding the second tubular 
member to a third outside diameter, and plastically defonming and radially expanding 
the second tubular nr»mber to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and wherein the ratio of the original outside diameter ODo of 
the first tubular nrwmber to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described that includes a plastically defbmied and 
radially expanded tubuter menriber having a first portton having a first outside diameter 
and a remaining portion having a second outelde diameter, wherein the ratio of the 
original outside diameter ODo of the first tubular member to the original wall thickness to 
of the first tubular member is greater than or equal to 1 6. 

An apparatus has also been described that includes a plastically defomied and 
radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portton having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion of 
the first tubular member. The ratio of the original outside diameter ODq of the first 
hjbular member to the original wan thfekness to of the first tubular member is greater 
than or equal to 16. In a prefened embodiment, the inside diameters of the first and 
second tubular members are substentlally equal. 
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A welibore casing formed in a wellbore has also been described that includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
dianrjeter. and a plastically defbnned and radbl ly expanded second tubular member 
5 coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter ODo of the first tubular member to the original wall thickness to of the first 
tubular member is greater than or equal to 16. In a preferred embodiment, the Inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically defonned and 
10 radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODt, of the tubular member to the original wall thidtness to of the 
tubular member is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above m9y be used to form or repair wellbore casings, pipelines, and 
15 strucdjral supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
20 Accordingly, it is appropriate that readers should construe the appended claims 
broadly, and In a manner consistent with the scope of the invention. 
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Claims 

1. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first 
portion having a first outside diameter and a rennaining portion having a second outside 
5 diameter, 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 
16. 

10 2. An apparatus, comprising: 

a plasticaily defomied and radially expanded first tulDular member having a first 
portion having a first outside dianrieter and a remaining portion having a second outside 
diameter; and 

a plastically defomied and radially expanded second tubular member coupled to 
1 5 the first portion of the first tubular member, 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 
16. 

20 3. The apparatus of daim 2, wherein the inside diameters of the first and second 
tubular meinbers are substantially equal. 

4. A wellbore casing fomied In a wellbore, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
25 portion having a first outside diameter and a remaining portion having a second outside 
diameter, and 

a plastically defomied and radially expanded second tubular member coupled to 
the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular member 
30 to the original wall thickness to of the first tubular member is greater than or equal to 
16. 

5. The casing of claim 4, wherein the Inside diametens of the first and second 
tubular members are substantially equal 
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6. An apparatus, comprising: 

a plastically deformed and radiaily expanded tubular memt)en 

wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular member is greater than or equal to 16. 
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1 . An apparatus for plastically deforming and radially expanding a tubular member, 
corTV)rising: 

means for plastically deforming and radially expanding a first portion of the 
tubular nnember to a first outside diameter; and 
5 means for plastically deforming and radially expanding a second portion of the 

tubular mennber to a second outside diameter. 

2. The apparatus of claim 1 . wherein the first outside diameter is greater than the 
second outside diameter. 

10 

3. The apparatus of claim 1, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

1 5 4. The apparatus pf claim 1 . wherein the means for plastically defomiing and 

radially expanding the first portion of the tubular member to the first outside diameter is 
fi-angible. 

5. The apparatus of claim 1 . wherdn the means for plastically defomiing and 

20 radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

6. The apparatus of claim 1 , wherein the means for plastically defomning and 
radially expanding the first portion of the tubular member to the first outside diameter 

25 comprises means for applying a radial force to the first portion of the tubular member. 

7. The apparatus of claim 1, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

30 

8. The apparatus of claim 1 , wherein the means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter 
includes rolling means for applying radial pressure to the first portion of the tubular 
member. 
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9. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member Including a first fluid passage; 
5 an expansion cone coupled to the tubular support membier haying a second 

fluid passage flutdlcly coupled to the first fluid passage and an outer 
conical surface; 

a renf)ovable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

10 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveaWe passage coupled to an end of the expansion cone 
launcher. 

15 10. The apparatus of daim 9, wherein the conical sleeve is frangible. 

11. The apparatus of daim 9, wherein the conical sleeve is elastic. 

12. The apparatus of daim 9, wherein the conical sleeve comprises a plurality of 
20 arcuate elements. 

13. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to 
25 a first outside diameter; and 

plastically deforming and radially expanding another portton of the tubular 
member to a second outside diameter. 

14. The method of daim 13, wherein the first diameter is greater than the second 
30 diameter 

15. The method of daim 13. wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 
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applying a radial force to the portion of the tubular member using a conical 
sleeve. 

16. The method of daim 15, wherein the conical sleeve is frangible, 

5 

1 7. The method of daim 1 5, wherein the conical sleeve is elastic. 

1 8. The method of daim 15. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

10 

19. The method of daim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 

20. The method of daim 1 3, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
20 expansion device. 

21 . A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically defomiing and radially expanding a first portion of the first tubular 
25 member to a first outside diameter, 

plastically defonming and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member In 

overiapping relation to the first piortion of the first tubular member; 
30 plastically deforming and radially expanding the secorid tubular member to a 

third outside diameter; and 
plastically defomiing and radially expanding the second tubular member to a 

fourth outside diameter, 
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wherein the inside diameters of the first and second tubular members after the 
plastic defomnations and radial expansions are substantially equal. 

22. The method of daim 21 . wherein the first outside diameter greater than the 
5 second outside diameter. 

The method of claim 21 , wherein plastically defonning and radially expanding the 
portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

24. The method of claim 23, wherein the conical sleeve is frangible. 

25. The method of claim 23, wherein the conical sleeve is elastic. 

15 

26. The method of claim 23, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of daim 21 , wherein plastically deforming and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
Inflatable bladder. 

28. The method of daim 21 , wherein plastically defonming and radially expanding the 
25 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular nriember using a 
roller expansion device. 

29. An apparatus for coupling a first tubular member to a second tubular member, 
30 Qomprising: 

means for plastically defomriing and radially expanding a first portion of the first 

tubular member to a first outside diameten 
means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameter. 
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means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the firet tubular 
member, 

means for plastically deforming and radially expanding the second tubular 
5 member to a third outside diameter; and 

means for plastically defomnlng and radially expanding the second tubular 

rnember to a fourth outside diameter; 
wherein the inside dianteters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

10 

30. The apparatus of claim 29, wherein the first outside diameter is greater than the 
second outside diameter. 



31 . The apparatus of daim 29, wherein the means for plastically deforming and 
15 radiaily expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of daim 31 . wherein the conical sleeve is frangible. 

20 

33. The apparatus of daim 31 . wherein the conical sleeve is elastic. 

34. The apparatus of daim 31 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

35. The apparatus of claim 29, wherein the means for plastically defomiir^ and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

30 

36. The apparatus of daim 29, wherein the means for plastically deforming and 
radiaHy expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 
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An apparatus for forming a wellbore casing within a wellbore. comprising: 
means for supporting a tubular member within the weilbore; 
nfieans for plastically deforming and radially exj^nding a first portion of the 

tubular member to a first outside diameter, and 
means for plastically defomning and radially expanding a second portion of the 
tubular member to a second outside diameter. 

38. The apparatus of daim 37. wherein the first outside diameter is greater than the 
1 0 second outside diameter. 

39. The apparatus of claim 37, wherein the means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter is 
renrK>vable. 

15 

40. The apparatus of daim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter Is 
frangible. 

20 41 . The apparatus of daim 37. wherein the means for plastically deforming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

42. The apparatus of daim 37, wherein the means for plastically deforming and 
25 radially expanding the first portion of the tubular member to the first outside diameter 

comprises means for applying a radial force to the first portion of the tubular nr^ember. 

43. The apparatus of daim 37, wherein the means for plastically defomning and 
radially expanding the first portion of the tubular member to the first outside diameter is 

30 inflatable. 

44. The apparatus of daim 37, wherein the means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter 



37. 
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comprises rolling means for appl^ng radial pressure to the first portion of the tubular 
member. 

45. The apparatus of claim 37, further comprising: 
5 means for fomiing an annular body of a fiuidic sealing material within an 

annulus between the tubular member and the wellbore. 

An apparatus for fonming a wellbore casing within a wellbore, comprising: 
a tubular support member Including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

20 47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

48. The apparatus of daim 46, wherein the conical sleeve is elastic. 

49. The apparatus of claim 46, wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

50. A method of fomiing a wellbore casing within a wellbore, comprising: 

supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to 
30 a first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 
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51 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 



52. The method of claim 50, wherein plastically defonning and radially expanding the 
5 portion of the tubularnnembercornprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

53. The method of claim 50, wherein the conical sleeve is frangible. 

10 

54. The method of claim 50, wherein the conical sleeve is elastic. 

55. The method of claim SO. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

15 . 

56. The method of daim 50, wherein plastically defomung and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

20 

57. The method of daim 50, wherein plastically defonming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular memt>er using a roller 
expansion device. 

25 

58. The method of daim 50, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular member and the wellbore. 

30 59. The method of daim 58, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. A method of forming a mono^liameter wellbore casing within a wellbore, 
comprising: 
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supporGng a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside dimeter; 
plastically deforming and radially expanding another portion of the first tubular 
5 member to a second outside diameter, 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
10 plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 
wherein the inside dian^ters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal.. 

15 61. The method of claim 60, wherein the first outside diameter is greater than the 
second outside diameter. 

62. The method of daim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

20 applying a radial force to the portion of the tubular member using a conical 

sleeve. 

63. The method of daim 62, wherein the conical sleeve is frangible. 

25 64. The method of daim 62. wherein the conical sleeve Is elastic. 

65. The method of daim 62. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

30 66. The method of claim 60, wherein plastically defomiing and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular nnember using an 
inflatable bladder. 
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67. The method of claim 60« wherein plastically deforming and radially expanding the 
first portion of the first tubular memt>er cx>mprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

5 

68. The method of claim 60. further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 

1 0 69. The method of claim 68, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

70. The method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
1 5 annulus t>6tween the second tubular member and the wellbore. 

71 . The method of claim 70. further comprising: 

curing the annular body of hardenable fluidic sealing material. 



20 72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion df the first 

tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the 
25 first tubular member to a second outside diameter, 

means for positioning the second tubular member inside the first tubular 

member in overlapping relation to the first portion of the first tubular 

member; 

means for plastically deforming and radially expanding the second tubular 
30 member to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 
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73. the apparatus of claim 72, wherein the first outs'de diameter Is greater than the 
second outside diameter. 

5 74. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tutxilar memt)er comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

1 0 75. The apparatus of claim 74, wherein the conical sleeve is frangible. 

76. The apparatus of claim 74, wherein the conical sleeve is elastic. 

77. The apparatus of claim 74, wherein the conical sleeve comprises a plurality of 
15 arcuate elements. 

78. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the frat portion of the first tubular member 
20 using an inflatable bladder. 

79. The apparatus of dalm 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
25 using a roller expansion device. 

The apparatus of claim 72, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material Into 
an annulus between the first tubular member and the wellbore. 

The apparatus of claim 80. further comprising: 
means for curing the annular body of hardenable fluidic sealing material. 

82. The apparatus of claim 72, further comprising: 
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means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the second tubular member and the wellbore. 



83. The apparatus of dalm 82, further comprfeing: 

5 means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically defomilng and radblly expanding a tubular member, 
comprising: 

means for providing a lipped portion In a portion of the tubular member; and 
10 means for plastically deforming and radially expanding another portion of the 

tubular member. 

85. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

15 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluldldy coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 
20 a first annular portion coupled to a lower portion of the tubular nrtember, 

a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
first outside diameter, and 
25 a fourth annular portion coupled to tlie third annular portion having a 

second outside diameter; 
wherein the second outside dianieter is less than the first outside 
diameter; and 

a shoe having a valveable passage coupled to fourth annular portion of the 
30 expansion cone launcher. 

86. A method of plastically defonming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member; and 
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plasticaify deforming and radially expanding another portion of the tubular 
member 

87. A method of coupling a first tubular member to a second tubular member. 
5 comprising: 

providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first tubular 
memt>er; 

positioning the second tubular member inside the first tubular member in 
1 0 overlapping relation to the lipped portion of the first tubular member, and 

plastically deforming and radially expanding the second tubular member; 
wherein the inside diameters of the first and second tubular members after the 
plastic defomiations and radial expansbns are substantially equal. 

1 5 88. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular member, 
means for plasticaily defonning and radially expanding another portion of the 
first tubular member, 

.20 means for positioning the second tubular member inside the first tubular 

member in overlapping relation to the lipped portion of the first tubular 
member; and 

means for plastically defomning and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansbns are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for providir^g a lipped portion in the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. An apparatus for forming a wellbore casing within a Wellbore, comprising: 



89. 
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a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fiuidicly coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 

first outside diameten and 
a fourth annular portion coupled to the third annular portion having a 

second outside diameter; 
wherein the second outside diameter is less than the first outside 
diameten and 

a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

91 . A method of iforming a wellbore casing in a wellbore, comprising: 

supporting a tubular member within the wellbore; 
providing a lipped portion in a porGon of the tubular member; and 
plastically defomiing and radially expanding another portion of the tubular 
member. 

92. The method of claim 91 , further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the tubular 
member and the wellbore. 

93. The method ofdaim 92, further comprising: 
curing the fluidic sealing material. 

94. A method of fomiing a mono-diameter vyeilbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member; 
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plastically deforming and radially expanding another portion of the first tubular 
memt^er, 

positioning the second tubular member inside the first tubular member In 

overlapping relation to the lipped portion of the first tubular memben and 
. 5 plastically defomiing and radially expanding the second tubular memben 

wherein the inside diameters of the first and second tubular members after the 
plastic defbnmatlons and radial expansions are substantially equal. 

95. The method of claim 94, further comprising: 

10 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the wellbore. 

96. The method of claim 95, further comprising: 
curing the fluidic sealing material. 

15 

97. The method of dalm 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 

20 98. The method of daim 97, further comprising: 
curing the fluidic sealing material. 

99. An apparatus for fonming a mono*diameter wellbore casing within a wellbore, 
comprising: 

25 means for providing a lipped portion in the first tubular member; 

means for plastically deforming and radially expanding another portion of the 

first tubular member; 
means for positioning the second tubular member inside the first tubular 

member in overiapping relation to the lipped portion of the first tubular 
30 memt>er, and 

means for plastically defomitng and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular ntembers after the 
plastic deformations and radial expansbns are substantially equal. 
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1 QO. The apparatus of daim 99, further comprising: 

means for injecting a hardenable fluidic sealing material In an annulus between 
the first tubular member and the wellbore. 

101 . The apparatus of claim 1 00, further comprising: 
means for curing the fluidic sealing material. 

102. The apparatus of claim 99. further comprising: 

1 0 means for injecting a hardenable fluidic sealing material in an annulus between 

the second tubular member and the wellbore. 

103. The apparatus of claim 102. further comprising: 
means for curing the fluidic sealing material. 

15 

104. An apparatus for plastically defomning and radially expanding a tubular member, 
comprising: 

means for plastically defomning and radially expanding a first end of the tubular 
member and 

20 means for plastically defonning and radially expanding a second end of the 

tubular member. 

1 05. The apparatus of claim 104, further comprising: 

means for anchoring the tubular member during the radial expansion. 

25 

1 06. An apparatus for plastically defonming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first passage; 
an expansion cone coupled to the tubular support having a second passage 
30 fluididy coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher mdvably coupled to outer conical surface 

of the expansion cone] 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher; 



76 



a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

niemben 

wherein the annular expansion oones are positioned in opposite orientations. 

1 07. The apparatus of claim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion conels adapted to plastically deform and radially . 
expand a second end of the expandable tubular member. 

108. The apparatus of daim 1 06, further comprising; 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

109. A method of plastically defonning and radially expanding a tubular member, 
comprising: 

plastically defomiing and radially expanding a first end of the tubular member; 
and 

plastically defomiing and radially expanding a second end of the tubular 
member. 

110. The method of daim 1 09, further comprising: 
anchoring the tubular member during the radial expansion. 

111. The method of claim 1 09, wherein the first end of the tubular member is 
plastically defomied and radially expanded before the second end. 

1 12. The method of daim 109. plastically defonning and radially expanding the 
second end of the tubular member comprises injecting a fluldic material into the tubular 
member. 

113. A method of coupling a first tubular member to a second tubular member, 
comprising: 
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positioning the second tubular member inside the first tubular member in an 

overlapping relationship; 
plastically defonming and radially expanding the end of the second tubular 

member that overlaps with the first tubular member; 
5 plastically deforming and radially expanding the remaining portion of the second 

tubular member. 

114. The method of daim 1 13. further comprising: 

plastically defonning and radially expanding at least a portion of the second 
10 tubular member. 

1 1 5. The method of daim 1 14. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

15 11 6. An apparatus for coupBng a first tubular member to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the ftrat tubular 

member in an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 

tubular member that overlaps with the first tubular member; 
means for plastically defomfiing and radially expanding the remaining portion of 
the second tubular member. 

The apparatus of claim 116. further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

118. The apparatus of daim 117, wherein the Inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

119. An apparatus for fomiing a wellbore casing within a wellbore. comprising: 
means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first end of the tubular 

member; and 



117. 

25 
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means for plastically deforming and radially expanding a second end of the 
tubular memt>er. 

120. Theapparatusof claim 11 9, further comprising: 

means for anchoring the tubular meml)er during the radial expansion. 

The apparatus of claim 119, further comprising: 
means for injecting a hardenable fluldic sealing material into an anhulus 
t>etween the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore. comprising: 
a tubular support member including a first passage; 
an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to the first passage and an outer conical isurface; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the exjdanslon cone; 
an expandable tubular member coupled to an end of the annular expansion 
cone launcher, 

a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 
member; 

wherein the annular expansion cones are positioned in opposite orientatioris. 

25 123. The apparatus of claim 122, wherein the annular expansion cone Is adapted to 
plastically defonn and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member. 

30 1 24. The apparatus of daim 122, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of fonning a wellbore casing within a wellbore. comprising: 



121. 
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122. 
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plastically deforming and radially expanding a first end of the tubular memben 
and 

plastically defonning and radially expanding a second end of the tubular 
member. 

5 

126. The method of daim 125, further comprising: 
anchoring the tubular member during the radial expansion. 

127. The method of claim 125, wherein the first end of the tubular member is 
10 plastically deformed and radially expanded before the second end. 

128. The method of claim 125, plastically defonming and radially expanding the 
second end of the tubular member comprises injecting a fluidic materiial into the tubular 
member. 

15 

1 29. The method of daim 1 25. further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular meml>er and the wellbore. 



20 130. A method of forming a wellbore casing within a wellbore, comprising: 

plastically defonming and radially expanding a first tubular member within the 
wellbore; 

positioning a second tubular member ir^ide the first tubular member in an 

overiapping relationship; 
25 plastically deforming and radially expanding the end of the second tubular 

member that overtaps with the first tubular member, 
plastically deforming and radially expanding the remaining portion of the second 

tubular member. 

30 131. The method of daim 130, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular membeir. 
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132. The method of claim 131, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 



5 133. The method of claim 130, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. 

134. The method of claim 130, further comprising: 
0 injecting a hardenable fluidic sealing material into an annulus between the 

second tubular member and the wellbore. 



135. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for plastically defomiing and radially expanding a first tubular member 
15 within the wellbore; 

means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically defomning and radially expanding the end of the second 
tubular member that overiaps with the first tubular member; 
20 means for plastically defomning and radially expanding the remaining portion of 

the second tubular member. 



1 36. The apparatus of claim 1 35, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
25 second tubular member. 

137. The apparatus of claim 136. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

30 

138. The apparatus of daim 135, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 
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1 39. The apparatus of claim 1 35, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

5 140. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overlapping relation to the opposing 

ends of the wellbore casings; 
means for plastically defonning and radially expanding the tubular member, and 
10 means for plastically defonning and radially expanding the tubular member and 

the opposing ends of the wellbore casings. 

141 . A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

1 5 supporting a tubular member in overlapping relation to the opposing ends of the 

wellbore casings; 

plastically deforming and radially expanding the tubular memt>er, and 
plastically defbnming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

20 

142. A method of fomning a structure having desired strength characteristics, 
comprising: 

providing a first tubular memben and 

plastically deforming and radially expanding additional tubular members onto 
25 the interior surface of the first tubular member until the desired strength 

characteristics are achieved. 

143. A method of forming a wellbore casing within a wellbore having desired strength 
characteristics, comprising: 

30 plastically deforming and radially expanding a first tubular member within the 

wellbore; and 

plastically deforming and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a first tubular meirber to a second tubuldr member, the first 
tubular member having an original outside diameter ODo and an origirial wall thickness 
to, comprising: 

plastically defonning and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member In 

overlapping relation to the first portion of the first tubular member; 
plastically defomiing and radially expanding the second tubular member to a 

third outside diameter; and 
plastically defomiing and radially expanding the second tubular member to a 

fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic defonnations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 16. 

145. A method of forming a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore. the first tubular member 
having an original outside diameter ODq and an original wall thickness 
to; 

plastically defonning and radially expanding a first portfon of the first tubular 

member to a first outside diameter; 
plastically defomning and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positfoning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, 
plastically defonning and radially expanding the second tubular member to a 

third outskie diameter, and 
plastically defonning and radially expanding the second tubular member to a 

fourth outside diameter; 
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wherein the inside diameters of the first and second tubular members after the 
plastic defomnations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODq of the first tubular 

member to the original wall thickness to of the first tubular memt)er is 
5 greater than or equal to 16. 

146. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining portion having a 
10 second outside diameter; 

wherein the ratio of the original outside diameter ODq of the first tubular 

member to the original wall thicicness to of the first tubular member is 
greater than or equal to 1 6. 

An apparatus, comprising: 

a plasticaity deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portioh having a 
second outside diameter, and 
a plastically deformed and radially expanded second tubular member coupled 

to the first portion of the first tubular member, 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

25 148. The apparatus of claim 147, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

149. A wellbore casing formed in a wellbore, comprising: 

a plastically defonmed and radially expanded first tubular member having a first 
30 portion having a first outskle diameter and a remaining portion having a 

second outside diameter; and 
a plastically defomned land radially expanded second tubular member coupled 
to the first portion of the first tubular member; 



15 147. 



20 
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wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

5 150. The casing of claim 149, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

151. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member; 
10 wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular member is greater than or 
equal to 16. 
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